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1 Universitäts-Kinderklinik, Tübingen, Germany 2 Universitäts-Hautklinik, Tübingen, Germany (Received February 25, 1992) Summary: The interferon-inducible enzyme, 2 / -5 / -oligoadenylate synthetase, was estimated in healthy donors and in patients before and after subcutaneous application of recombinant interferon beta and gamma. Tests were carried out with lysates of peripheral blood mononuclear cells, using an established radioenzymatic assay, and in serum samples, using a new radioimmunoassay. Both test systems substantially yielded the same results: after a single injection of interferon beta (1 -5 10 6 IU), 2'-5'-oligoadenylate synthetase increased in a dose-dependent manner reaching maximal catalytic concentrations in most patients after 24- (7 -15) . Furthermore, the determination of 2'-5'-olisynthetase 1 ) in vitro and in vivo (1 -3) . This enzyme goadenylate synthetase in leukocytes proved to be is part of the 2 / -5 / -oligoadenylate system which rep-useful in the follow-up of intravenous (i. v.) and inresents one of the effector mechanisms of interferon's tramuscular (i.m.) interferon therapy (16) (17) (18) (19) (20) (21) . Its antiviral action and which may also be involved in its measurement was often found to be superior to the antiproliferative (4, 5) and immunoregulative (6) estimation of interferon in serum, because not only processes. The determination of 2 / -5 / -oligoadenylate does it indicate the presence of interferon, but also its synthetase has been widely used as a quantity in biological activity. 2 / -5 / -Oligoadenylate synthetase acclinical chemistry: Several interferon-related diseases tivity was also estimated directly in tumour tissue during therapy with interferon and it was demon-_ strated that the therapeutic success was correlated E nZ y m e:
with the induced intratumour enzyme activity con-For clinical studies, most determinations of 2'-5'-oligoadenylate synthetase have so far been performed in extracts of leukocytes. Despite their usefulness for many investigations, these tests are time consuming and are suitable particularly for retrospective studies (23) . Recently, a sensitive radioimmunoassay has been developed which permits the determination of 2'-5'-oligoadenylate synthetase in serum samples (24) .
In the present study we compare the 2'-5'-oligoadenylate synthetase activity in both leukocytes (using the radioenzymatic assay according to Schattner (25) ) and in serum samples (using the radioimmunoassay described by Sawai (24) ). Blood was obtained from healthy donors and from patients before and during therapy with recombinant interferon beta and gamma, which had been applied subcutaneousely (s. c.). Our aim was to find out whether or not this new assay could be used for the determination of 2'-5'-oligoadenylate synthetase in serum as a follow-up marker during subcutaneous interferon therapy, since there were no data in the literature on this question.
Materials and Methods

Individuals
The control group consisted of healthy female and male blood donors (24-42 years old).
Other blood samples were obtained from patients suffering from different dermatological diseases.
Blood samples
Heparinized blood was drawn from healthy donors or from patients, from the latter both before and after s. c. application of interferon. Leukocytes were isolated by centrifugation using Lymphoprep (Nyegaard, Oslo, Norway) as described (23 The radioimmunoassay of EIKEN (Immunological Laboratory Kita-ku, Tokyo, Japan), provided by Mecconti, Bad Homburg, Germany, was used. The test was carried out according to the manufacturer's instructions:
First, serum samples (50 μΐ) were incubated with poly(rI)(rQagarose beads for 10 minutes at room temperature. After washing, beads were incubated with 500 μΐ incubation buffer containing unlabelled ATP at a concentration of 40 μιηοΐ/ΐ. After incubation for one hour at 37 °C (formation of "cold" 2'-5'-oligoadenylate), 100 μΐ of 125 I-labelled 2 / -5 / -oligoadenylate solution (tracer) and 100 μΐ of antiserum directed against 2'-5'-oligoadenylate were added, and incubation carried out for an additional hour at 37 °C (formation of antigen-antibody complex).
Thereafter, samples were centrifuged at 4 °C at 6000 g for 15 minutes, the supernatant was removed and the radioactivity in the pellet was measured. A calibration curve using known 2'-5'-oligoadenylate concentrations was established; the 2'-5'-oligoadenylate synthetase activity is expressed as 2'-5'-oligoadenylate (pmol/1) produced under the test conditions during one hour incubation time. The determinations were carried out in duplicate (CV below 5%).
Interferons and their determination
Recombinant Interferon beta (Betaferon®) and recombinant Interferon gamma (Polyferon®, 2 χ ΙΟ 6 IU corresponding 100 μg) were obtained from Bioferon / Rentschler, Laupheim, Germany. Concentrations of interferon gamma in serum were measured using the Gamma Interferon IRMA assay from Byk Sangtec Diagnostica, Dietzenbach, Germany; Interferon beta in serum was determined using a biological assay as described (26) .
Determination of 2'-5'-oligoadenylate synthetase in leukocytes
This enzyme was determined by a slightly modified procedure of the assay according to Schattner (25) , and is described in detail elsewhere (23) .
Results
2
/ -5 / -Oligoadenylate synthetase activity in leukocytes of healthy persons In order to estimate 2 / -5 / -oligoadenylate synthetase catalytic concentrations in leukocytes of patients, it is recommended that they be compared with a reference collective. For this purpose, lysates of leukocytes from 5 healthy donors were prepared in large quantities and stored in aliquots at -70 °C. Under these conditions, the enzyme is stable for several months. These samples were analysed in parallel with the patients' samples in all further experiments. Figure 1 shows, as an example, the 2'-5'-oligoadenylate syn- The mean of 2 / -5 / -oligoadenylate synthetase activity of these 5 donors estimated in each experiment was arbitrarily set at 1.0 and patients' samples measured on the same day were related to this mean. In this way, determinations of 2 / -5 / -oligoadenylate synthetase activities in leukocytes can be best followed over a long time period. Figure 2 shows the 2'-5'-oligoadenylate synthetase activity in leukocytes of healthy persons (related to reference collectives) measured in our laboratory during the last few years. In the majority of cases, the 2 / -5 / -oligoadenylate synthetase activities of these persons were very similar to those of the respective reference collective (mean: 0.97 ± 0.58; n = 104). Distinctly elevated 2'-5'-oligoadenylate synthetase activities observed in a small number of cases might reflect the temporary occurrence of hidden viral infections (see also fig. 3 ).
/ -5 / -Oligoadenylate synthetase activity in leukocytes after in vitro treatment with interferons
The clinical studies described below were carried out using recombinant interferon beta and gamma. Therefore, the effects of these interferons on 2'-5'-oligoadenylate synthetase induction were first investigated in vitro in order to obtain information on their enzymeinducing capacity. As shown in table 1, 2'-5'-oligoadenylate synthetase was clearly induced by incubation with interferon beta, whereas only minor effects were observed when interferon gamma was used. / -5 / -oligoadenylate concentration generated during the one hour incubation time was 186 + 84 pmol/1. As already described for lysates of leukocytes, in a small number of persons the 2'-5'-oligoadenylate synthetase activity was distinctly elevated. However, no correlation between the 2'-5'-oligoadenylate synthetase measured in leukocytes (using the radioenzymatic assay) and in the corresponding sera (using the radioimmunoassay) were detected (healthy donors and patients before interferon therapy, fig. 4 ).
• 2'-5'-Oligoadenylate synthetase in serum and leukocytes during subcutaneous therapy with interferon beta and gamma (single dose application) Figure 5 shows the changes in 2'-5'-oligoadenylate synthetase after single s.c. injections of different amounts of interferon beta. A distinct dose-and timedependent elevation of the mean 2'-5'-oligoadenylate synthetase activity was observed in serum ( fig. 5a , peak at about 48 -72 hours), as well as in leukocytes ( fig. 5b , peak at about 24 -48 hours). In addition, the time course of the interferon concentrations ( fig.  5e ) as well as those of the 2 / -5 / -oligoadenylate synthetase induction measured in serum ( fig. 5c ) and in lysates of leukocytes ( fig. 5d ) of three arbitrarily chosen patients in this collective is shown after treatment with 3 χ 10 6 IU interferon beta. In all the cases investigated, enzyme induction occurred, although there were large individual differences.
Analogous investigations were carried out in patients after single dose therapy with interferon gamma. As shown in figure 6a -6d, the induction of 2'-5'-oligoadenylate synthetase was much less pronounced than after treatment with interferon beta. 
Discussion
The estimation of interferon during therapy and for diagnosis has been performed in many patients in the past. The purpose was to determine the pharmacokinetics of the different kinds of interferon, to establish appropriate time schedules for the application, and to determine the appropriate dose and the manner of administration (intravenously, intramuscularly or sucutaneously) for different interferons. These investigations showed that interferon's half life time in serum is short and that the detectable concentrations are rather low. Thus, in our own investigation reported here, we could never detect interferon beta when the subcutaneously applied dosage was smaller than 3 χ ΙΟ 6 IU per injection. Small, but only transient concentrations of interferon gamma could be registered in most patients treated s.c. tion of recombinant interferon beta and gamma. In order to answer this question we determined the activity of 2 / -5 / -oligoadenylate synthetase in leukocytes (radioenzymatic assay) and in serum samples using a new commercial radioimmunoassay. This latter assay proved to be very practical and yielded well reproducible results. Basal 2'-5'-oligoadenylate synthetase catalytic concentrations of healthy donors were established and found to be within a range similar to that reported elsewhere (27) . To obtain accurate results with this assay, it is obviously important to separate the serum immediately after the drawing of blood and coagulation, since blood storage causes an increase in the 2'-5'-oligoadenylate synthetase due to release of the enzyme from blood cells (27) .
The fundamental pattern of 2'-5'-oligoadenylate synthetase activity in serum was found to be similar to that in leukocytes. However, in contrast to reported data (27), we could not find a direct correlation between 2 -oligoadenylate synthetase, its estimation in serum proved to be as informative as its estimation in leukocytes. Moreover, the enzyme immunoassay in serum is much easier to perform than the radioenzymatic assay. Results of both assays showed that after subcutaneous application of more -oligoadenylate synthetase activity can be clearly detected; its determination proved to be much more sensitive than the estimation of interferon. In contrast, interferon gamma caused only a small elevation of 2'-5'-oligoadenylate synthetase and, therefore, its determination as a follow up marker during single dose therapy is not recommended. 2 / -5 / -Oligoadenylate synthetase catalytic concentrations were well elevated after therapy with interferon beta, but not after therapy with interferon gamma; as shown in table 1, similar results were obtained for the in vitro stimulation of the enzyme levels. Interestingly, during a daily application therapy of interferon beta, the 2'-5'-oligoadenylate synthetase activity dropped 2 -3 days after the first injection. This is obviously due to interferon receptor down regulation phenomena (29) . These data suggest that daily application of interferon beta should not be recommended for therapy. The schedule of interferon application was therefore changed for the therapy of further patients. In contrast, daily application of interferon gamma showed a permanent increase of 2 / -5 / -oligoadenylate synthetase activity during the observation period of 7 days.
In conclusion, 2 / -5 / -oligoadenylate synthetase proved to be a useful marker for optimizing subcutaneous therapy with recombinant interferon beta and gamma. The newly introduced radioimmunoassay which permits a rapid and convenient determination of this enzyme in serum is well suited for this purpose and superior to other methods used so far.
